Cabergoline (CAB) and ropinirole hydrochloride (ROP) are dopamine agonists which are effective in improving motor function in Parkinson's disease.
CAB, N-[3-(dimethylamino)propyl]-N-(ethylamino)car-
bonyl-6-(2-propenyl)ergoline-8b-carboxamide, a long acting predominantly D2 receptor agonist is effective as adjunct therapy in advanced Parkinson's disease and also as monotherapy in de novo patients. 2, 3) A few high-performance liquid chromatographic (HPLC) methods have been developed for the determination of CAB in plasma using electrochemical detection, 4) tandem mass spectrophotometry (TMS) [5] [6] [7] or triple-quadrupole mass spectrometry. 8) ROP, 4-[2-(dipropylamino)ethyl]-l,3-dihydro-2H-indol-2-one hydrochloride, is a specific D2 and D3 receptor non-ergoline dopamine agonist that is probably equally effective as L-dopa in mild, early Parkinson's disease. 9) Very few HPLC methods in plasma were developed using ultraviolet, 10, 11) electrochemical 12) or mass spectrometric 13) detection. Capillary zone electrophoresis was used for the determination of the dissociation constants of ROP and five structurally related impurities potentially formed during its synthesis and for separation and quantification of these substances. 14) The present work aims to present a simple, rapid and sensitive method for the determination of cabergoline and ropinirole in tablets and can be used for the quality control and assurance of these drugs in industry. Extractive spectrophotometric procedures are popular for their sensitivity in the assay of drugs and, therefore, ion-pair extractive spectrophotometry has received considerable attention for the quantitative determination of many pharmaceutical compounds. [15] [16] [17] [18] [19] The method is based on the formation of ionassociate between the cited drugs and methyl orange (MO), bromocresol green (BCG) and bromphenol blue (BPB) reagents. Different factors affecting these reactions are studied and established, then Beer's law is carried out. The constructed calibration curves were utilized in determining the concentration of these drugs in tablets. These methods are very simple in application and less expensive in comparison to the other techniques.
Experimental
Apparatus A Shimadzu UV-160 A UV-visible spectrophotometer with 1-cm matched glass cells was used for the absorbance measurements. pH measurements were determined using a WTW pH 526 digital pH meter, calibrated with pH 4.0 and 7.0 disodium hydrogen phosphate standard buffer solution.
Reagents and Solutions Cabergoline and its pharmaceutical preparation (Cabaser ® ) containing 4 mg of cabergoline per tablet were kindly supplied by Pfizer (Istanbul, Turkey). Ropinirole hydrochloride and its pharmaceutical preparation (Requip ® ) containing 2 mg of ropinirole per tablet were kindly supplied by GlaxoSmithKline (Istanbul, Turkey). Analytical-reagent grade chemicals/reagents and bidistilled water were used throughout the work. MO, BCG and BPB were obtained from Merck (Darmstadt, Germany). Stock solutions of CAB and ROP (1 mg ml Ϫ1 (for ROP, calculated as free base)) were prepared in acetonitrile and water, respectively, and diluted further with water to obtain standard solutions of 100 mg ml
Ϫ1
. MO, BCG and BPB solutions of 2.2ϫ10 Ϫ3 , 1.4ϫ10
Ϫ3
, and 8.7ϫ10 Ϫ4 were prepared in 1% ethanol.
General Procedure Zero point zero five to 2.0 ml aliquots of standard solutions were transferred into stoppered glass tubes and total volumes were brought to 2 ml with water. Two milliliters of reagent solutions and 2 ml of buffer solutions (for CAB and ROP respectively: for MO methods, pH 2.5 and 2 for BCG methods, pH 3.5 and 4 for BPB methods, pH 4 and 3.5) were added in each tube. The reaction mixtures were extracted with 5 ml of dichloromethane for 1 min using a vortex mixer. The two phases were allowed to separate, and the dichloromethane layers were passed through anhydrous sodium sulphate. The organic layers were transferred into separate 5 ml volumetric flasks, and the volume made up with dichloromethane. The absorbance of the yellow-colored dichloromethane extracts was scanned at 424 nm for the MO method, at 412 nm for the BCG method and 413 nm (for CAB), or at 410 nm (for ROP) for the BPB method against a corresponding reagent blank, prepared similarly except for addition of the drug substances. The absorbance (A) was then calculated by the least-squares method's. All measurements were performed under ambient laboratory conditions. Sample Preparations All methods were developed using the same sample preparation procedure as explained below: twenty tablets were weighed and powdered using a mortar. An accurately weighed portion of the powder, equivalent to 10 mg of active ingredient, was transferred into a 10 ml calibrated volumetric flask. Then a 5 ml portion of solvent (as solvent, water and acetonitrile were used for CAB and ROP, respectively) was added to the flask containing the powdered drug substance. The mixture was shaken mechanically for 5 min, sonicated in an ultrasonic bath for 30 min, diluted to the volume with the same solvent, mixed, and filtered through a filter. An appropriate aliquot of the filtrate was further diluted with water to the respective volumes to obtain varied concentrations of calibration graphs and assayed as described above (General Procedure).
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Results and Discussion
Cabergoline and ropinirole are dopaminergic drugs used for Parkinson's disease. To date no method has been described for their determination in tablets. In this study for the first time visible-spectrophotometric methods were developed to assay these drugs in tablets. In the present investigation, MO, BCG and BPB being anionic dyes form with cabergoline and ropinirole in acidic pH yellow coloured ionpair complexes which are soluble in dichloromethane and can be measured at ranges from 410 to 424 nm (Fig. 1) . The colorless blanks have practically negligible absorbance.
The pH of the aqueous phase was studied by extracting the coloured complexes in the presence of phthalate buffers at different pH values. Optimum pH values for the ion-pair complexes are given in Table 1 . The effect of different extraction solvents on the ion-pair complexes was studied. Dichloromethane was selected for extraction of the drug-dye complexes from the aqueous phase. It was observed that only one extraction with dichloromethane was adequate to achieve a quantitative recovery of the complexes. The effect of each of the reagents was studied separately by measuring the absorbances of final solutions resulting from reaction mixtures containing a fixed concentration of CAB and ROP and various amounts of the reagent. It was found that a 10-fold molar excess of MO and BCG, and 12-fold molar excess of BPB were sufficient for the maximum yield of the reactions. Excess of these dyes did not have any effect either on the colour of the complex or on the absorbance. Using a vortex mixer, shaking intervals of from 0.5 to 5 min were studied to determine the most efficient ion-pair complex formation. As a consequence, 1-min shaking time was observed to be the optimum for our study. The stoichiometric ratio of the formed products was investigated by Job's continuous variation method. 20) 10 Ϫ4 M solutions of CAB and ROP were used with comparable solutions of the reagent (MO, BCG, or BPB). For each method, a series of solutions were prepared in which the total volume of the drugs and reagent was kept at 5 ml, and the procedure was completed as described under General Procedure. These measurements showed that 1 : 1 complex was formed with each reagent. The resulting complexes were found to be stable up to 24 h at room temperature in the dark. Under the optimum conditions described above, the calibration graphs were constructed for the investigated drugs. The molar absorbtivity, Sandell sensitivity (S), concentration range, regression equation and correlation coefficient for each drug is tabulated in Table 1 .
The precision of the proposed method was investigated by intra-day and inter-day determinations of two different concentrations of drug solutions (10, 15 mg ml
Ϫ1
). The intra-day studies were performed in one day (for each level nϭ5) and inter-day studies in five days over a period of two weeks. The intra and inter-day precision expressed as relative standard deviation values (RSD %) were found to be within 0.45-1.12% and 0.65-1.45%, respectively ( Table 2 ). The data proved the good precision of the developed method. To check the accuracy of the proposed method, the standard addition method was applied by adding known amounts of drugs to the previously analyzed tablet solution. The average percent recoveries obtained of 97.82-98.22% indicate good accuracy of the method.
Analysis of Pharmaceutical Preparations
The proposed methods were applied to the determination of cabergoline and ropinirole in commercial tablets. Their applicability for the assay of these drugs in tablets was examined and the results are tabulated in Table 4 . Five replicate determinations were made. Satisfactory results were obtained for each drug and were in good agreement with the label claims (Table 2) ; the results were reproducible with low RSD values. The average percent recoveries obtained were quantitative (99.56-100.57%), indicating good accuracy of the methods. The results of analysis of the commercial tablets and study of the recovery of drugs suggested that there is no interference from any excipients (such as starch, lactose, titanium dioxide, and magnesium stearate), which are present in tablets.
Conclusion
Although the HPLC method is sensitive and gives accurate results, its major disadvantages include the requirement for complex and expensive equipment, provision for use and disposal of solvents, a labor-intensive sample preparation procedure, and personnel skilled in chromatographic techniques.
The significant advantage of the extractive spectrophotometric method is that it can be applied to determine individual components in a multicomponent mixture. This aspect of spectrophotometric analysis is of major interest in analytical pharmacy, since it offers distinct possibilities in the assay of a particular component in a complex dosage formulation. The high recovery percentage and low relative standard deviation reflect the high accuracy and precision of the proposed methods; moreover, the methods are easy, applicable to a wide range of concentration, besides being less time consuming and depending on simple and available reagents thus offering economic and acceptable methods for the routine determination of CAB and ROP in tablets. 
